We describe here a new method for the electron microscopic mapping of sequence homology in nucleic acids. Specific segments of the T7 chromosome have been isolated following digestion with the restriction endonuclease from Hemophilus aegvptious (Hae). Denatured segments are annealed to the J-strand of T7 DNA; treatment of the hybrid with glyoxal allows only guanosine residues in the single-chain region to the reacted, producing an adduct which will no longer hydrogen bond with its complement on the r-strand. When the segment is displaced and the glyoxalated fc-strand allowed to renature with the r-strand, "H" shaped structures are produced in which the duplex region corresponds to the position of sequence homology with the segment. The conditions employed for glyoxalation do not detectably disrupt duplex regions as small as 400 base pairs. This procedure should be generally useful for observing sequence homology in more complex DNA molecules containing duplex regions which can be specifically enriched for and their arrangement determined by electron microscopy.
INTRODUCTION
We have been studying the segmentation pattern of T7 DNA upon digestion with the restriction endonuclease from Haemophllus aegyptious (Bick and Thomas, in preparation). The segments so produced range in size from approximately 15 Co 2600 nucleotide pairs. In the course of these studies it became of interest to order and locate some of these larger segments on the T7 chromosome. We therefore explored electron microscopic techniques to accomplish this end. Heterotrlplex mapping, used by Hyman and Summers (1) to aid in mapping the position of T7 gene-1 mRNA, was not considered suitable as ambiguities might result when interpreting such mestastable structures which could arise due to strand displacement of the segment when separated strands of T7 DNA are allowed to reanneal. Other methods called for dlstin-guishing between single-and double-chained DNA, which cannot routinely be done with certainty. We attempted to develop a new method for the electron microscopic mapping of sequence homology, one which might also prove applicable to more complex chromosomes.
Hsu, Kung and Davidson (2) have reported on the use of glyoxal as a reagent to reduce hydrogen bonding functions in nucleic acids. By glyoxalation they were able to fully extend Sindbis virus RNA and map a poly (A) sequence at one end of the molecule by electron microscopy. Hutton and Wetmur (3) have used glyoxalation as a model system to study purine-purine mismatching in nucleic acids. The reaction of glyoxal with adenosine and cytosine is readily reversible, with equilibrium association constants of 1.4 M" 1 and 5.8 M" 1 , respectively, at pH 6.9 and 20°C (4). Glyoxalation of guanosine occurs more slowly and the glyoxal adduct is considerably more stable (equilibrium constant = 6xlO 3 M " 1 ) . Since glyoxalation introduces an additional ring on guanosine residues, steric hinderance should (and does) prevent renaturation of a glyoxalated DNA chain since on the average every fourth base will be mismatched.
The method described here presents a scheme to determine by electron microscopy the position of sequence homology of purified chromosomal fragments by protection of the homologous sequence on the T7 chromosome from glyoxalation. First, the chromosomal segment of interest is purified, denatured and hybridized to a separated, intact strand of T7 DNA. This is followed by glyoxalation of the unprotected single-chained portion of the hybrid molecule to prevent subsequent renaturation of these unprotected sequences. Finally, the renaturation of separated T7 DNA strands is allowed, producing "H"-fonns which can be examined in the electron microscope.
METHODS
(a) DNA DNA was isolated from the bacteriophage T7 as previously described (5).
Specific DNA segments were produced by digestion of T7 DNA with the restriction endonuclease from Hemophilus aegyptious (Hae), followed by electrophoresis on 2.2% polyacrylamide gels. Approximately 65 segments are produced which range in size from 15 to 2600 nucleotide pairs. Details will be given elsewhere (Bick and Thomas, in preparation).
The heavy (r) and light (£) strands of T7 DNA were separated by isopycnic banding in CsCl, in the presence of poly(U.G), as described by Summers and Szybalski (6) . T7 phage were lysed, and the DNA denatured, in a solution of 0.1 N NaOH, 10 mM EDTA, pH 8.0, 0.3% Sarkosyl, containing 1. Figure 2 . Hydroxyapatite chromatography of glyoxalated it-strand annealed to r-strand. The £-strand was treated with glyoxal for various lengths of time and then allowed to reanneal with the r-strand as described in "Methods". The sample was then diluted into 0.08 M phosphate buffer and' loaded on a hydroxyapatite column. The column was washed with 10 ml of 0.14 M phosphate buffer to remove single-chained molecules, and then with 10 ml of 0.3 K phosphate buffer to remove double-chained molecules.
INCUBATION TIME (min)
It might be expected that glyoxalation would occur on base-paired guanosine residues exposed during breathing of the double helix. Thus, extensive glyoxalation might tend to displace even duplex sequences, particularly if they are short. This possibility was also examined by chromatography on hydroxyapatite. Intact T7 DNA (approximately 38,000 nucleotide pairs) and duplex segments of 2600, 1550 and 400 nucleotide pairs were treated with glyoxal under our standard conditions for 60 min and then passed through columns of hydroxyapatite. As shown in Table I , greater than 98% of the radioactivity was eluted in the double-chain wash, both with and without glyoxalation, indicating that all of the various sized segments had retained their duplex structure. These duplexes were further examined in the electron microscope after spreading in 50% formamide and there was no evidence for even regional strand separation. While the short duplexes tested here lack single-chained tails, as contained in our hybrids, we expect any singlechain effect to be minimal and probably confined to the termini of the duplex region (see "Discussion"). For purposes of mapping such molecules, the duplex region is considered to be denatured equally from each end, and is thus extended equally from the center towards each end to achieve the known size of the segment on the map.
We believe that "Y"-forms of junction represents the extreme end of the hybrid. Therefore, the hybrid is mapped for its known length along the third arm (intact T7 chain). The reason for "-o-" forms is not completely clear, but it is obvious that they map at the same position when compared to the other two forms. Therefore, they have also been included in the determination of map position. It is likely that such molecules consxst of i-strands which were incompletely glyoxalated, or partly de-glyoxalated during subsequent steps in the preparation of hybrids. During ttie final renaturstion step, the segment DNA (r-strand of the segment originally annealed to the Z-strand) may again renature with the i-strand, accompanied by reaaturatlon of the Intact r-strand with the X. "-strand/segment hybrid. The lowered Tm of the £*-strand/r-strand hybrid might be expected to reduce the driving force acting to displace the segment DNA, hence resulting in the production of a true (and stable) heterotriplex.
DISCUSSION
We have described here a new method for mapping the position of sequence homology of a purified DNA segment on the intact chromosome of T7. It is based upon a principle whereby the segment is annealed to an intact strand of chromosomal DNA followed by glyoxalation of the unprotected bases. Subsequent annealing of the glyoxalated strand with its complement allows one to visualize by electron microscopy the region of homology as the duplex portion in an "H"-form.
The conditions employed here are sufficient to glyoxalate DNA to an extent which prevents significant renaturation with its complementary strand.
The conditions do not detectably disrupt short duplex fragments as small as 400 nucleotide pairs, nor are there detectable single-chain scissions introduced during the glyoxalation reaction.
The finding of the "-o"-forms is of particular interest in this study.
We believe them to be stable heterotriplexes. As noted in Figure 2 , the 60 min glyoxalation reaction does not completely prevent further renaturation of separated strands (i.e., it is only 90% complete at this time). It is likely that these structures represent incompletely glyoxalated i-strands, such that renaturation is allowed between I-and r-strands during the final renaturation step. But the subsequent mispairing which occurs along this molecule reduces the driving force acting to displace the segment hybrid (which has not been removed from solution in the final renaturation step).
We initially sought to avoid using heterotriplexes to map segment positions £*-strand indicates a partially glyoxalated Jl-strand. 
